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[Document Namej Specification 
CTitle of thfi» Invention] 

FOI.YCARBODI1MI0E HAVIKG BIGS INDEX OP REFRACTION AND 
PBODUCTXOM MBTB(^ S*B£I^F 
[Claints] 

[Claim 13 A polycarbodiimid© copoXjfroer having a 
repeating structural «nit roparosonted by tlie following 
foxBula <1) in a xmatibvr "at«: 
CCh«m, 13 



<1) 



(whiaroin meiano a naphthyloae group) and a repeating 
structural unit repr«sentdd by th« following fowftula (2) in 
15 a nuxBib«r "n** : 
[Ch«n&, 23 



— ^N=:C=sN-^ — (2) 



(wherein an organic dilscoyanate r«sidue other 

than th«> aforcmontioned R*> and also having on both tarminl 
a terminal structural unit derived from a monoisocyanate , 
wherein m n is from 3 to 200 and n/(« + n> is from 0,05 
to 0.&9. 



3 



tCl^im 2] The polycarbodiiaDldo copolymoir according 
to claim 1, wh^sjx'ein n in tixo a£or<amontxone<i formula x« an 
integer oti :£ram 3 to 200. 

iQX^Xm 3] A solutipii of a polycarbodidLroide 
copolyxner, con^rising an aprotic org^anlc solvent: andl th© 
polyca3d»odiiiai€to copolyxnor of claim 1 or 2 dissolved 
therein . 

[CXalm 4] A method for prcducln? a poXycarbodliaido 
copolymer, wiii^ch cox^priscss carrying out carbodlixiildation 
reaction of an organic diisooyanato and a monoi^ocyanate in 
th© presence of a catl^odiimidation catalyst, wh<&r«ia th© 
X'0action is carried out at a temperatuxe o£ from 0 to 120°C 
uding 5% by mol or rnoro of naphthalene diisocyanate baisxed 
on the total oxganic isocyanate. 

[Detailed Deacrlption of tho Invention] 
[OOOiJ 

[Technical Field of the Invention] " ' - 

Thx^ invention relates to a polycarbodiiiaiide 
copoXyner which has excellent heat resistance and chemical 
resistance and also has high Index of refraction^ and a 
production method thereof^ 

[0002] 
(Prior Art] 

Xn recent years ^ studies on transparent poXyokers 
having high indxax of refraction have be«ftn carried out 
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extensively, and they Iwtv^ bcsen v^ed for thin spectacle 
lenses, optical adhesive agents and the like* Generally 
sulfur-oontaining polymers, particularly poly thiourethan© , 
polyssulfide and the like are known a* such pol^s&er^, On 
5 the other hand^ aromatic polycarbodiimide renins gcsnorally 
have high indesc of rofraction but do not have sufficient 
properties as the aforementioned optie^il materialn, 
C0003] 

{Problemi» to Be Solved by the Invention] 
10 object o£ the present invention ia to provide a 

polycarbodiiiziide which has more higher index of refraction 
than that of the general polycarbodiimide , is excellent in 
heat stability and ha^t good workability and moldability, 
COQ043 

IS (Mean:^ for Solving the Froblems] 

With the aii& of achieving the aforementioned object, 
the preseent inventors havtsk conducted intensive studies. A& 
a re&izlt, it was found that a polyoarbodiiAide containing 
S% by mol or more of naphthalene re^aidiao based on the total 

20 diisocyanate residues shows far more higher index of 
refraction than, that of the conventionally known 
polycarbodiimide^ thus resulting in the accodnplishment of 
the invention. 

Accordingly, the invention is to provide a 

25 polycarbodiimide copolymer having a repeating structural 
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t*nitt represented by the following formula (1) in a tt.«iibor 
CCh«sm. 3] 



(1) 



(wHerein meaas a naphthyltoo group) and a repeating 
structural unit represented by ttoe following fonaula (2) in 

10 CCheai. 43 



(2) 



(wherein means an organic dlisocyanat© residue other 
15 than the aforfsmontioned R^) and also having on both termini 
a terminal structural unit derived front a aonoisoeyanate, 
wherein « ««« n i» from 3 to 200 and n/Ctt n) i» from O.O5 
to 0.99, and a production method thereof. According to the 
invention, it is desirable that n is an integer of from 3 
20 to 200, 

[0005] 

[Modes for Embodiments of the Invention] 

The polyearbodiimide copolymer of the present 
invention is obtained by carrying out the reaction of 
25 naphthalene diisocyanat« and other organic diisocyanate 
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with an org^xc monol^ooyans^tCK for contMerolling the <=liain 
long-fch. In an aprot:±e ^olv^^nt in th© pre^onco of a 
cartood i imxda tion cAtLoayst.^ 
[00063 

(Orgiainic diisocyanatio) 

A» the oxrg^jxnic diiAocyvinatze other than naphthal^me 
diidooyanAto ^ aromatic and aliphatdLc dll^ocyanatos may be 

As th0 aromatic diistoesranate, tho$«s which have tho 
foXlowring fonnulao (3) and (4) can bo tided. 

[Q0073 
CChem, 5] 




(zn the formula^ acepresrent^fc an alkyX groi^ having from X 
to 5 carbon atoms / an aXkoxyX group or a'h^Xogen at:om»} 

A» th© dilaocyanate having thl2? structure^ m- 
phenyXene dll&ocyanate, 2,4-toXyXene dllsoeyanate, 2^6- 
toXyXene dll^ooyanate^ 6^"iiM&thoxy-2 ^ 4-phenyXene 
dllsocyanate ^ 5>bromo-2 , 4-toXyXene dilsocyana^iit and the 
Xlke c«in be cxon^Xlfled* 

rooosi 

AXsOr another ar^natic dii&ocyanate is 



(4) 



(wherein X= represents an alkylene group having £rom 0 to S 
carbon atoms, ojcy group, stilfo gronp or sulfoxyl group, and 
©aeh o£ X> and x'' teprosonts an alkyl group having fxom i 
to 5 caxbon atoms, an alkoxyX group or a halogen atom) . 

A« the diisocyanate having thi« structure, 4,4'- 
diphenylaethane diisocyaaate , 3 , 3 ' , 5 , 5 ' -tetraethyl- 4 , 4 ' » 
diphenylmethane diisocyanate , 4,4' -dxph«iyli»<>propylideae 
dxisocyanate, 4 , 4 ' -dlphenyl ©ther diisocyaaate, 4,4'- 
dlphenylsiaifido diisooyanat® , 4,4' •d±phe»yl»«l£oxide 
diisocyaaate, 3,3' /S,S' -'tetraaethyl-4,4' -diphenyl 
diisoeyanato, 3,3' -di»TOthoxy-4 , 4' -biphenyl diisocyanate , 
3,3' -dibromo-4,4'-biphcnyl diisocyanat© and the like oan bo 
exemplified. 

[0009] 

In addition, those which have the following fornmlae 
<S) , (6) and (7) can bo used as tho aliphatic organic 
diisocyanate.i 
(Chett. 7] 
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(la th±a foOTula, each o£ x» and X<= seprosonlis ^ alkyX«a« 
having f^w 0 to 5 carbon Sitotts, nnd X' r^prosonts « 
5 alkjrl group having £com X to 5 oarbon atoms or an alJcylon« 
groiqp having from 0 to 5 earbon atoBts.) 

As th© diisocyanato having this structure, 4,4'- 
dicyclohoxylmethana <aiioocyanate , norbomane diisooyanato , 
4,4'-cyeloh«cana diisocyanate, isophorobe dti^ocyanate , 
10 »ethylcycloh«cane-2,4-diisocyanat«, 2,4- 

bis (i»ocyaaatow*thyl) cycioh«,*ane and the lifco can be 
©jtemplified. 

[00010] 
[Cham, 8] 

15 

OCN-X^-NCO (6) 



(In this formula, 3C* e^xes«nts aa alJcylcne group having 
from 1 to X8 carbon atoms.) 

As the diiijocyanate having this structure, 
hescamethylenG diisocyanate, 2,2,4«trijii©thylhexa»ethyXone 
diiaocyanato, 2 , 4 , 4-tria©thylheKan»thylana dllsocyanate , 
oetaawtthylane diisocyanata, dodacamethylane diisoeyanat© 
and the like can b© ex4sus$>lif iod , 
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20 



25 
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[ChQB. 9] 



OCN 




(7) 



(In tAis formula, oaeU of and X^'' ropx«»«al4B an alkylcno 
group having from 0 to S carbon atoms.) 

A» tha diiaocsyanate leaving thi» atrweturo, JcyXylfea^ 
diiaocfyanata, a,a,a' ,a-tetxam©tliylxylyl©&o diisocyaaate , 
4-isocyanatoa»tJaya-ph©nyl ieocyanato and the like> can bo 
oxenpllfied. 

rOOl23 
(Monolsocyanate) 

Ais the ttoaoiaocyanato fox controlling the chaiin 
longth, for ©xajupid, phenyl iaocyanate, to»yl iaccyanate, 
naphthyl isooyanats, isqpropylphenyx isocyanate, 
mcbthoxypbenyl iaocyanate, chlorophenyl isocyanato, an alJcyl 
isocyanat© having from 1 to 10 carbon atoms and th© like 
may be cited. 

It is desirable to use the monoisocyanate in an 
awonnt of from l to 10 moles based on 100 xaoles of the 
dii«(ocyanate. When the amount of the monoisocyanato to be 
used is smaller than this range, molecular weight of the 
obtained polyearbodiimide becomes too large or crosslinlcing 
reaction may occur, thus it may cause increase in the 
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stoXution viscosity or soli.<il£i«cait;i.cn o£ the ^olut^ion or 
gonoratiing coiisld^rable reduction of storag^k stabxll'by of 
tli<s polycarbodiajnia© solutipn. On the other hand, whcan 
amount of the monoisocy«iate to u&od is larger than tho 
5 Aforementioned ranger solution visoosity of the obtai^ned 
polycarbodiimide may become s^o low that proper film 
formation iiuty not be offeoted in forming a filai by coating 
and dxying the solution* 
C0013] 

10 (Cat^ly^t) 

Various kinds* of catalyst crsm be used in the 
polycarbodlimlde polymerization, and their examples incl^ide 
3^thyl-l-phenyl-2-phosphorene-X-oacide . l-phenyl-2- 
ph05phorene-l"03tide, l-ph©nyl-2-phosphorene-l-»ul£ide, 1- 

1 5 ethyl-3-methyl-2-phoBphorene-l-oxide , 3*-i»ethyl-l--phQnyX-l- 
pho^hor^3-Gyclopentene*-l-oxide , 2 , 5-dihydro-3-methyl-l" 
phenylphosphol-l***'Oxide, isomers Corresponding thereto and 
3-pho^phorene . Also can be nsed are phosphine oDcidesz ouch 
as triphenylpho3phine oxide, tritolylphosphine oxide ^ 

20 biaf (oxadiphenylpho«ipii±no) ethane and the like. Regarding 

the amount of the catalyst, it can be used within the range 
of from 0-OQl to 5% by mol ba^ed on the total amount of the 
isocyanate. ItoOTont Of the catalyst when sam^iller than this 
may not be practical becaune of too prolonged period of 

25 tamo for the polymerization, When it eaceeeds the 

aforementioned range ^ on the other hand, the product may be 
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solidified into a 9«1 dntring ^« raaction da« to too cjulck 
reaction, or si product having considerably ccsduced storage 
stability might be obtained. 

[00141 
(Solvont) 

AoeordittS^ to the polycaxbodiimide copolymer of tho 
invention, a polycarbodiimide solution ca» be obtained by 
carrying out a carbodiimidation reaction in an aprotic 
organic solvent. Examples of tbci aprotic organic solvent 
to be veed for this purpose include benzene, toluene, 
asylene, trimothylbenaone , tetramethylbenzeae , cymeno, 
diethylbonaene and the liJc© aikyl toluene and alkyl 
b«&nxene; and naphthalene ^ tetrahydrofuran^ dioxane, 
acetone , butanone, pcrclen©, oyclohexanone , N- 
metbylpyrrolidone/ wr^N-dlaetbylformasoide, N,ll- 
dijncsthylacetamide and tho liJce, which may be used alone or 
as a miacturo of two or jaore, or may contain componea to 
Vhioh are not concerned in the reactioh: Particularly 
preferred solvents among them are toluene, xylene, benaen©, 
perclene, cyclohexanone, trimethylbonsene , 
tetramethylbensene, cymene, diethylbensene, naphthalene, 
tetrahydrofuran and dioxane. it is deairable to use these 
solvents in such an amount that concentration of the 
polycarbodiimide in the polymer solution becomes from 1 to 
90% by weight. When concentration of the polymer solids 
exceeds this range, the viscosity may become high and 
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storage suability o£ th« solution may also be r©duc<ad. On 
th« other hattd, in c«se that tho concenfczration is smaixer 
than th© aforemeationod range, it i^ necessaxy to remove a 
largo amount of the solvent at tho t4»e o£ wolding the 
obtai»e<J polywer, which i» not practical. 

100153 
[JBxamplo^] 

Next, the invention is described further 
illustratively with re£«renoe to axamples. 
CSxaxople i] 

A solution was prepared by mixing and stirring 24.5 g 
(141 aanol) o£ tolylene diisocyanate (mixture of isomiars: 
Cosmonate T~80, mfd. by Mitsui Takeda Chomioal) , 106 9 (423 
wmol) of 4,4'-diphenyl«ethane diisocyanate (Cosmonatc PH, 
mfd. fay Mitsui TaJceda Chemical), 2».6 g (141 inmol) of 
naphthalene diisocyanate (Cosmonate MD, «fd. by Mitsui 
Takeda Chemical) , 11.9 g (70.6 mmoX) of 1-naphthyl 
isooyawate and 212 g of toluoae. This was mixod With 1.36 ■ 
g (7,0 amol) of 3-methy 1-1 -phenyl »2-phosphox«Bne-l -oxide, 
heated to SO'C while stiiring and then )c«rpt for 2 hours, 
;^rogro3s of the reaetioa was verified by an infrared 
spectroscopic analysis, illustratively, decrease in the 
absorption of N-C-o stretching vibration (2270 ca'*) of the 
isoeyanate and increase in th© absorption of M-C-K 
stretching vibration (2135 cm'') of the carbodiimide were 
observed. While stirring, the thus obtained 
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polycaxbod±iJmi,<to eolu-blon was addesd dropwls^ to 1 Xiter of 
bept^e^ and the thus foxuned precipitate was collocted and 
dried to obtain 132 Cf ^ polymer. A film obtained by 
casting and drying a toluone solution of this polymer was 
5 transparent. wh<»n Obsoxvod with tho naTced ^y<&, and its 
ro£z:aGtivo index was 1,738 at S8S nm whon measured by 
Abbey's refractom«>t^r. 

The solvent tolucaino wa^ r<&movcd Crom tho thus 
obtaincMi polycarbodiijtaide aiolution at 80*C undor a reduced 

10 preasuxrct of 10 vmSg for 1 hour. Tho rosidual solid matter 
was hydcoly^ed with a potasaium hydzoxide aquoou;» «)rolution 
by the method described in 47- Appl. Palym. set., 14, 35 
(X970) and then eactxacted with ether, Tolyl^ediamine, 
4,4'-dipb©nylmethan©diam±ne and l^S-naphthalen^diamiuf? in 

15 tho rej&ulting other pha^se were determined using a ga^ 
chromatogcaph^^mass apectrometer (GC-MS) . Calibration 
curves ware prepared fox the determination U34ng respective 
standard sample?. It was confirmed by this that amoimts of 
tolylenediamine , 4^4' -diphenylmethanodiamino and 1,5- 

20 naphthalenediamine were in the respective ratio of 

20:60:20. It was confirmed by this that the n/(m -i* n) in 
thci aforemont:ioned formwla (1) and formula (2) was 0,80. 
From this ratio and the weight average molecular weight of 
7.8 X 10=^ obtainod by a GFC of the polycarbodiimido 

25 solution, it was able to confirm that m -f n is 43* 
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[00X6] 
[ExiampXe 2] 

A soltztion was prepared by mlxdlng and stixirring 1S.8 g 
<&1 inmol) of tolylene dxlsocyanate (mixture of l^om^rs: 
Cdamonai^ aafd. by Mitsui Takeda Cheittic«il> , 122 g (491 

xamoX) of 4, 4' -dipbenylmothane dilsocyanate (Costnon^te PH, 
mfd. by Witsui TaJceda Chemical)^ «8*S g (327 amiol) o£ 
aaphtbalene dix^&ocyaniite (Co^monat^ ND, m£dL. by Witsui 
Takeda Chemical), 9.24 g {54.6 omol) of l-napbtbyl 
isociyiwiate and 170 g of toltiene. This was miatc^d with 0.87 
g (4,5 ttuaol) of 3-methyl-l-ph0nyl-2-phpsphor«nd-l-oxid©, 
heated to SO"C while stirring and then kept Cor 2 hours, 
Prog^ce^jR of the reaction waa verified by an infrared 
speetro^LCopic analysis;. Illustratively, dooreaae in the 
abS(orptiozi of N-C-O str©tciiing vibration (2270 cm'^) of the 
isocsyaj^ato and increase in the absorption of N'*'C-Mr 
stretching vibration (2135 cm"^) of the earbodiimide were 
observed,' While stir:ri"ng^ the thus obtained " 
polycarbodiiniide solution wa?? added dropwise to 1 liter of 
heptane, and the thus formed precipitate was collected and 
dried to obtain 138 g of a polymer- J\ fiJja obtained by 
canting and drying a tolnene solution of this poXymer was 
transparent when observed with the naked eyo. and its 
refractive index wa^ 1,744 at 589 rm when xaoasured by 
Abbe ^ s ref cac tome ter . 
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Tho thus obtained polycarbodiimide ^olutiilQn was 
tireatcd in tb© same nuiimer as in Example 1 to carry out; 
each detormination. As a xo&ult, it was coixfirmod that 
amounts o£ tolylenediamlnci, 4^4^ -diphoaylaaothanodiamixie and 
S 1,5-napKthaienediaiain® wore in the re^eotive ratio of 
10 : 54 r 36. It was confimwad by this that th© + n) in 

the aforementioned formula (1) flwid formula {2) wa^ 0.64- 
From this ratio and the weight average molecular weight of 
8,2 X 10^ detained by a QPC of the polycarbodiimlde 
10 solution, it was able to confirm that m + n ijs 46. 
t00i7j 
[Ebcaxnple 3] 

A solution was prepared by mixing and stirring 29.8 g 
<171 mmol) of tolylene dii^ocyanate (mi^cture of isomers: 
IS cosmonate mfd. by Mit^ui Takeda Chomioal) , 94.4 g 

<377 mmol> of 4 ^ 4 ^ -diphenylmetbane dii^oc^anate (Cd$monate 
PH^ mfd- by Mitsui Takeda Chemical)^ 64, d g (308 mmol) of 
naphthalenes diisooyanate (Cosmonate m>, mfd^ ' by Mitsui 
Takeda Chemical) / 8,71 g (51.4 mmol) of l-naphthyl 
20 isocyanate and 184 g of toluene* Thia was mixed with 0.82 
g (4.2 mmol) of 3-methyl-l-phenyl-2-phosphorene-l"oxid©, 
heated to SO^'C while stirring and then kept for 2 houra. 
Progress of the reaction waa verified by an infrared 
apeotroscopio analysis, Illuotratively, decrease in the 
25 absorption of M-C-0 stretching vibration (2270 cm*^) of the 
iaocrfanate and increase in the absorption of l«-C-lsf 
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6teetchi»g v±brat;±Qn <213S on^-) o£ tJ^e cwirbocLLimido were 
obsGEvod. Whll<3» astlrjTxucr^ fchca thus obtiai-ned 
polycarbodiimidc* :yolution was added dropwise to 1 liter o£ 
hop-tane, and the thus foxned precipitate was QoXlected and 
dried to obtain 140 g of a polymer. A film obtained by 
casting and dxYlng a toluene solution of this polymer waa 
transparent wh^n observed with tho naked eye, and its 
refractive indiax was 1.757 at S89 nm when meesured by 
Abbe' a ref ractometer , 

The thus obtained polycarbodiimide solution was 
treated in the same manner a« in Example X to carry ou-b 
each determination. As a result, it was con£irm<iKi that 
amounts of tolylianediamine , 4, 4^ -diphenyljttethanediamine and 
l,S-naphthalenediamino were in the respective ratio of 
20:44:36, It Was confirmed by this that the n/(m n) in 
the* aforementioncad formula (1) and formula (2) was 0.64. 
From this ratio and the weight average molecular weight of 
"7:9 X 10^ obtained by a GPC of the pol^darbodiimide 
solution, it was able to oonfixm that m -t- a is 45, 

t00183 

[Effect of the Invention] 

The polycarbodiimide of the invention has a 
refractive inde:»c more higher than that of the general 
polycarbodiimide^ and is excellent in heat stability^ 
workability and moldability, Xn addition, since t:his 
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polymer is obtaiaed in a half-harden«d film ^form, it can hti 
ttsed ia new fields axtoh as a l©n» »he«t by prcso working. 
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{Bocumcint Nam©] Ab3t;ract 

To provide- a polycaurbodiijoaida which a iro£iract:ive 

xndox hlgheir t^ban tho goxxeral covnterpeirtss , i« cxi^oXXent in 
hej^t: stability and lxii» high workability and ixioldabilitsr. 
[M«s^n« for SolutioTi] 

A poXycarbodiimldi^ copolym€itx bwi»g a rep^^&tizxg 
^tructaaxcil unit r^x^sentisd by the following fotoaula (1) in 
a ntunbex *'m>'* : 
{Chom. 1] 




(wherein means ^ naphthyXene group) and a repeating 
dttructural unit represented by the following sPormula (2) in 

a number "n" ; 

[Chem, 2] 




(wherein R nuaan^ an organic diirrocyanate residue other 
than the a£oroinentioned R^) and also having on both termini 
a toroiinaJL structural unit derived £roiii a monoisoeyanate. 
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wherein m + n is from 3 tto 200 and n/ (m + n) io from 0.05 
to 0.99. 

[Seleoted. Flgpar<»] 
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